1. Objective-To describe the ocular findings, visual impairment, and association of structural complications of uveitis with visual impairment in a cohort of Ebola virus disease (EVD) survivors in Monrovia, Liberia 2. Design-Retrospective, uncontrolled, cross-sectional study 3. Participants-EVD survivors evaluated in an ophthalmology clinic at Eternal Love Winning Africa Hospital in Monrovia, Liberia.
Introduction
The international community has witnessed the largest Ebola virus disease (EVD) outbreak in history, predominantly in the highest transmission West African countries of Guinea, Liberia, and Sierra Leone. Over 28,600 confirmed, probable or suspected EVD cases were identified during this outbreak and approximately 37% of cases occurred in Liberia; specifically, there were over 10,000 cases of EVD resulting in 4,809 deaths. 1 The magnitude of the outbreak has lent itself to the largest cohort of EVD survivors in history. As the acute EVD outbreak has subsided, increased attention has shifted to ongoing Ebola survivor care needs.
Prior to this outbreak, there have been 23 EVD outbreaks with 2,345 laboratory confirmed cases and 1,546 deaths documented throughout Africa. These previous outbreaks have provided limited information on the long-term sequelae after EVD. The post Ebola virus disease syndrome (PEVDS), which develops during EVD convalescence, consists of fatigue, arthralgias, myalgias, neurological complications, abdominal pain, sensorineural hearing loss, increased risk of miscarriage, psychosocial stressors, and vision loss. [2] [3] [4] PEVDS has been reported with greater frequency given the historic magnitude of the recent Ebola outbreak.
Ocular complications in EVD patients have been observed during acute disease and convalescence. During active Ebola virus infection, a bilateral viral conjunctivitis with or without subconjunctival hemorrhage is typical and acute vision loss has been described in some patients, but the etiology of vision loss has not been fully characterized. 5 Ocular manifestations in EVD survivors during convalescence were first reported in the 1995 Kikwit outbreak. In four EVD survivors, a spectrum of uveitis ranging from anterior to posterior disease developed 42 to 72 days after EVD onset. 5 During the most recent outbreak, two repatriated physicians who contracted EVD while working in West Africa developed acute, sight-threatening uveitis after recovering from EVD. [6] [7] More detailed observations from the recent West African outbreak have provided additional information about ophthalmologic sequelae. Specifically, Mattia et al. described uveitis, arthralgias, and auditory symptoms in 18%, 26%, and 24% of survivors respectively, from the Port Loko District, Sierra Leone during convalescence. In this cohort, a low RT-PCR cycling threshold during acute disease was an independent predictor of the development of uveitis. 8 Other surveys on EVD survivors report a wide range of symptoms such as headache, anorexia, abdominal pain, fatigue, short term memory loss, and blurred vision. [9] [10] In another cohort of EVD survivors in Freetown, Sierra Leone, 34% of patients were diagnosed with uveitis. Eye injection/redness during acute EVD was found to be a risk factor for uveitis development. Other common ocular diseases in these patients included conjunctivitis, cataract, and glaucoma. 11 Eye complaints are frequent among survivors and EVD-associated uveitis is an urgent diagnosis with potential interventions that may ultimately impact visual outcome and quality-of-life in West Africa survivors. Herein we report the detailed ophthalmic manifestations, structural complications and associated visual acuity impairment in recovered EVD patients evaluated at the Eternal Love Winning Africa (ELWA) Hospital in Monrovia, Liberia.
Methods

Study Design and Population
A retrospective, uncontrolled, cross-sectional study was performed on EVD survivors who underwent ophthalmic examination at the ELWA Hospital EVD Survivor Clinic in Monrovia, Liberia. This study was approved by the Emory University Institutional Review Board and the University of Liberia National Institutional Review Board and follows the tenets set forth by the Declaration of Helsinki.
Patients were determined to be EVD survivors by providing the examiners with an Ebola survivor certificate that is given to each patient upon discharge from an Ebola Treatment Unit (ETU). Survivors were treated in the following ETU's in Liberia: Foya, ELWA 2, ELWA 3, Medecins Sans Frontieres (MSF), Bong County, US Public Health Service, Ministry of Defense, Modi, John F. Kennedy, Gbanga, Congo, MSF B, Bomi, Island Clinic, and Firestone.
An ophthalmology clinic was established in partnership with Emory Eye Center health care providers and the ELWA Hospital in April 2015. Patients were evaluated, treated, and/or referred as needed by examining ophthalmologists.
Infection Control/Personal Protective Equipment
All patients underwent an initial general medical health screening by health care professionals wearing personal protective equipment (PPE) that included a face shield, gown, gloves, and rubber boots. Patients were screened for fever with infrared thermometers and a questionnaire on symptoms of Ebola. Any patient with active EVD symptoms (diarrhea, vomiting, headache, abdominal pain) or elevated temperature greater than 100.4 degrees Fahrenheit (38.0 degrees Celsius) failed screening and were not examined that day by the ophthalmic providers until a medical evaluation had been conducted. In the outpatient eye clinic, providers wore fluid impervious gowns and gloves when providing patient care. All equipment was cleaned with alcohol swabs between each exam.
Data Collection
The medical records of 96 EVD survivors evaluated in April 2015 were retrospectively reviewed. Data collected included past medical and ocular history, ETU admit and discharge dates, ocular and systemic complaints, ophthalmic exam consisting of corrected visual acuity or pinhole visual acuity (Snellen visual acuity or tumbling 'E' chart), pupil exam, extraocular motility, confrontational visual fields, slit lamp examination, IOP (Reichert Technologies, Depew, New York) measurement, and dilated fundus examination with indirect ophthalmoscopy.
Demographic data recorded included ethnicity, age, and gender. Ocular complaints recorded were eye pain, tearing, redness, difficulty with near vision, light sensitivity, floaters, and blurred vision. A full review of symptoms was performed, specifically documenting the presence of patient self-reported fatigue, joint pain, hearing loss, and hair loss.
Uveitis was classified based on the anatomic location of inflammation following the standardization of uveitis nomenclature (SUN) guidelines. 12 Active uveitis was defined as the presence of inflammation (cell/flare) in the anterior chamber (i.e. trace cell or greater) and/or vitreous haze with/without keratic precipitates (KP), corneal infiltrates, vascular sheathing, and retinal or choroidal infiltrates. Ebola-associated eye disease was defined as eye disease/ findings with vision loss or symptoms that occurred during acute Ebolavirus infection or after discharge from an ETU that was not related to trauma, prior documented illness/infection, or congenital disease. Ocular hypertension was defined as an IOP above 21 mmHg and hypotony as an IOP below 5 mmHg.
Main Outcome Measures
The primary outcome measured was the level of visual impairment in EVD survivors. Secondary outcomes evaluated included anatomic diagnoses leading to visual impairment in EVD survivors, structural complications identified in EVD survivors, and the association of specific anatomic features and structural complications with vision loss.
Statistical Analysis
Statistical analysis was performed with R 3.2.4. Descriptive data was summarized including demographic data and ocular and systemic symptoms. An unpaired t-test was used to compare the number of days in an ETU and baseline visual acuity in patients with and without uveitis. Fisher's exact test was used for categorical variable comparisons. Visual impairment was categorized by the World Health Organization's classification: normal or mild visual impairment: 20/70 or better, moderate visual impairment: 20/70-20/200, severe visual impairment: 20/200-20/400, or blindness: > 20/400). 13 Visual acuities were converted to LogMAR for continuous data analysis. Statistical significance was defined as p<0.05.
Results
Characteristics of Study Population
Ninety-six EVD survivors (191 eyes) were examined in April 2015. All patients were Liberian and 46% were male with a median age of 38.6 years (interquartile range 29.0-47.5). The demographic information, ocular symptoms and signs, and medical histories are summarized in Table 1 . EVD survivors reported a mean of 18 days spent (interquartile range [IQR]: 11-20 days) in an ETU setting. Ocular symptoms of survivors in decreasing order of frequency were blurry vision, photophobia, tearing, pain, floaters, eye redness, and loss of near vision (Table 2) . Systemic symptoms noted in descending order of frequency included joint pain, hair loss, fatigue, and hearing loss ( Table 2) .
EVD-Associated Uveitis
EVD-associated uveitis was diagnosed in 21 patients (22%) with five patients presenting with bilateral disease (26 eyes). The median age of this subset of patients was 36 years old (IQR: 28-42) and 38% were male. The patients with uveitis spent a median of 17 days in an ETU. Anterior uveitis, intermediate uveitis, posterior uveitis, and panuveitis were diagnosed in 3 (14%), 0, 12 (57%), and 6 (29%) patients respectively. Active disease was noted in six eyes, all in patients with a diagnosis of panuveitis. Exam findings indicative of uveitis are summarized in Table 3 . Vision was normal or mildly impaired in 14 eyes (54%), moderately impaired in 2 eyes (8%), and 10 eyes (39%) were blind according to WHO classification.
When comparing age, gender, systemic and ocular symptoms, and number of days in an ETU between survivors who developed uveitis and survivors who did not develop uveitis, there was no significant difference in these demographic and clinical characteristics ( Table  4 ). Comparing the visual acuity in the affected eye of uveitis patients and the worse eye in patients without uveitis, patients with uveitis had worse vision (p=0.01) with uveitis patients presenting with worse vision (Figure 1 ). Exam findings including anterior chamber cells (p=0.01), keratic precipitates (p=0.01), posterior synechiae (p<0.001), and chorioretinal scars (p<0.001) were significantly more frequent in patients who developed uveitis ( Table 4 , Figures 2-4 ). The frequency of corneal edema was similar between patients who developed and those who did not develop uveitis (p=0.22).
Factors associated with at least moderate visual impairment by WHO criteria (VA<20/70) were also analyzed. Exam findings associated with at least moderate visual impairment included keratic precipitates (p<0.002), posterior synechiae (p<0.002), vitritis (p<0.005) and chorioretinal scars (p<0.02).
EVD-Associated Optic Neuropathy
EVD-associated optic neuropathy was observed in three patients (3%) with bilateral disease in 1 patient. In this subcategory, two patients were male who were 21 and 42 years old. Visual acuities ranged from 20/20 to hand motions in these three patients. Torsional nystagmus was observed in association with an optic neuropathy in one patient. Another patient with bilateral optic nerve pallor had an associated unilateral internuclear ophthalmoplegia, an Argyll Robertson pupil (i.e. reactive to accommodation but poor light reactivity in both eyes), and stutter in speech, which was reported to develop following his ETU discharge.
Cataracts in EVD survivors with and without uveitis
Because of the public health implications of potential Ebola viral persistence within ocular fluids, the frequency of cataract in EVD survivors with and without uveitis was reviewed Cataract was observed in ten of 96 EVD survivors evaluated (10%). Specifically, cataract was observed in nine of 75 EVD survivors without uveitis (12%) and one of 21 survivors with uveitis (5%). There was no significant difference in cataract prevalence in EVD survivors with or without uveitis (p > 0.05, two-tailed Fishers).
Other Ophthalmic Disease
In 35 patients (36.5%), normal ocular exams were observed. Other non-EVD associated eye diseases were diagnosed in this cohort that include senile nuclear sclerotic cataracts, refractive error, dry eyes, keratoconus, megalocornea, glaucoma, retinal detachment, congenital toxoplasmosis, and optic neuropathy.
Discussion
Our single-center retrospective, uncontrolled series of a EVD survivors who underwent an ophthalmic examination at ELWA Hospital in Monrovia, Liberia showed an 22% prevalence of uveitis, comparable to prior series from Sierra Leone, in which uveitis prevalence varied from 18% to 34% in EVD survivor clinics (Table 5 ). 8, 11 We identified a greater proportion of patients with posterior and panuveitis according to Standardization of Uveitis Nomenclature classification when compared to other series in the literature.
These proportions of inflammatory eye disease with posterior segment involvement likely impact visual acuity measures given that 38% showed poorer than 20/400 visual acuity at baseline. Vision impairment to this degree is most commonly associated with posterior uveitis 14 ; however, untreated disease may also be associated with structural complications including cataract and vitreous opacity. Cataract and vitreous opacities were identifiable causes of vision loss in our patient cohort, and have implications from medical and surgical perspectives, particularly given our prior finding of live Ebola virus in the ocular fluids of a recovered Ebola survivor. 
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Risk factors for the development of uveitis remain under investigation but one prior study by Mattia et al showed that lower RT-PCR cycling threshold representing higher Ebola viral load at the time of acute EVD infection was associated with uveitis and new ocular symptoms or new ocular diagnosis. Specifically, every five-point decrease in cycling threshold was associated with a three-fold or greater risk of uveitis and new ocular symptoms or diagnosis. 8 A more recent study by Tiffany et al demonstrated that EVD survivors were 10-times more likely to develop uveitis if they showed red/injected eyes at the time of their acute EVD diagnosis; however, the precise etiology of the red/injected eyes is unknown (i.e. subconjunctival hemorrhage, conjunctivitis, uveitis or other cause) is not known because detailed ophthalmic examination was unavailable for these patients. 11 The EVD survivors evaluated in our series were referred from a number of ETUs throughout Liberia. The length of ETU stay, sometimes as a surrogate for acute EVD severity, was not found to be associated with the development of uveitis. Systemic symptoms including fatigue, arthritis/arthralgias, hearing loss and hair loss were also not found to be associated with uveitis development. However, the prevalence of these findings was high in both uveitis and non-uveitis patients. In addition, other demographic factors (age, sex) were unassociated with uveitis development. Neuro-ophthalmologic findings suggestive of central nervous system disease included nystagmus, ocular motility disorders, and internuclear ophthalmoplegia. Notably, severe meningoencephalitis has been observed in a health care worker with acute EVD and multiorgan failure. Both peripheral and central nervous system involvement were observed, as well as ocular deviation, cerebellar signs, and bilateral anterior and posterior uveitis. Magnetic resonance imaging showed evidence of microvascular ischemia and occlusion in this patient who eventually recovered from critical illness. 15 Recently, World Health Organization officials put forth interim guidelines for the care of Ebola survivors in West Africa. 16 Given the magnitude of the West African Ebola outbreak and historic number of EVD survivors, the interim guidelines have provided a starting point for longitudinal medical care of EVD survivors with chronic conditions including uveitis, musculoskeletal disease, and mental health syndromes, amongst a constellation of post EVD sequelae. Guidelines related to invasive ophthalmic procedures are currently being developed; however, given the potential for EBOV viral persistence in ocular fluid 7 , further studies into EBOV persistence in ocular fluids are needed. Improved understanding of the pathogenesis of this spectrum of inflammatory eye disease should include an assessment of the prevalence and timing of Ebola virus persistence in ocular fluids and concomitant biomarkers of ocular and systemic inflammation. This will help to inform appropriate medical therapy, as well as the infection control precautions necessary for the protection of eye care providers, patients and families related to invasive ophthalmic procedures.
The reported timing of vision loss by patients varied but some patients reported vision loss
Limitations of our study include the retrospective nature of data collection and the potential for recall bias. The study population was referred to the eye clinic, particularly if they complained of any ocular symptoms, introducing potential referral bias. Therefore, these findings may not be translatable to all EVD survivors. It is notable, however, that the presence or absence of ocular symptoms was not associated with uveitis diagnosis in this cohort of EVD survivors. Moreover, this study was not controlled and the baseline eye disease including prevalence of uveitis in this Liberian population is unknown. Future controlled studies related to the natural history of this disease entity and its response to therapy would be extremely helpful to affect the significant visual morbidity observed in this series.
Despite these limitations, our findings confirm recently reported findings from EVD survivor cohorts in Sierra Leone and importantly add the first detailed characterization of a uveitis phenotype and its association with visual acuity impairment. The lack of correlation between ophthalmic symptoms and the diagnosis of uveitis highlight the ongoing need for timely ophthalmic screening examination in EVD survivors, as well as the need for improved understanding of this spectrum of eye disease. Moreover, the finding of a high prevalence of sequelae of untreated ocular inflammation highlights the tremendous need for infusion of resources and training for eye care needs where expensive ophthalmic capital equipment and medications including corticosteroids, topical ocular hypotensives, and cycloplegics are required for the treatment of acute uveitis and related sequelae. Table 1 Specific demographic and clinical characteristics of patients with uveitis and neuro-ophthalmologic findings associated with Ebola virus disease 
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